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Abstract

The Use of Drones for Creating 3D Models of Waterfalls and Bedrock Features, with
Particular Attention to Process and Teaching Applications This study explored the
use of Unmanned Aerial Systems (UAS) to model and 3D print waterfalls and bedrock features for use as classroom teaching aids and for possible use in hydrology
experiments involving flumes. To achieve the goals of this study, two waterfalls and
one bedrock feature were photographed and 3D printed. The waterfalls were Ludlow Falls in Miami County, OH, and Cedar Cliff Falls in Greene County, OH. The bedrock feature was Lizard Head Rock near Sedona, AZ. The UAS platform that was
flown was the DJI Mavic Pro quadcopter. A camera mounted on the copter had both
videography and still-image photography capability. Additional photos were taken
with a ground-based digital camera. Using readily available software including
Agisoft photoScan, 3D builder, and Cura Lulzbot 3D printing software, images were
stitched together to create files that could be used for 3D viewing on the computer
and subsequently for 3D printing. Experimentation with 1) flight modes and flying
conditions, 2) photography/videography conditions such as lighting, aperture, ISO,
and shutter speed 3) image manipulation within the software programs, and 4) adjustments to 3D printer settings were all important aspects of this study. After 3D
models were printed using a LulzBot Mini 3D printer, their capability for use as
classroom teaching aids and for use in flume experiments were judged. The adjustments associated with each of the four experimental features listed above and
the production of the final 3D printed models were very encouraging and clearly
indicate that there is value in their use in the classroom as a visual teaching aids.
The desire to use the waterfall models in hydrology experiments is leading to the
creation of properly designed flumes and interest in soluble filament options for
3D printing. Further refinements to the flying, photographic, software, and printing
techniques will presumably produce even better products in the near future.

Step 3: Fly the drone and Take Photos

Angles-It is essential to capture every
angle of the waterfall from top to bottom. This required flying the drone at
various heights and locations around
the waterfall. The photos in this section of the poster demonstrate some
of the angles and features that required additional attention. Three trips
were necessary to complete the model.
Over 400 photos were taken in total.

Step 7: Build a Base for the Mesh
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Drone-The DJI Mavic Pro was utalized for this research. This drone
was selected as it is the newest to
the Cedarville University drone
fleet. This drone has a 12.3 Megapixel Camera. It has an ISO range
of 100-1600 for photo and up to
3200 for video. It’s shutter speed
ranges from 8s to 1/8000s. It is a
very light-weight and compact
drone. It only weighs 1.62 pounds
including the weight of the battery.
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Step 1: Choose a Location

Cedar Cliff Falls-This waterfall was chosen as the first
test site due to its location in close proximity to Cedarville University (Less than a mile away). Having the
waterfall nearby allowed for optimal study. Three total
trips were made out to the waterfall with the DJI Mavic
Pro to capture additional angles and features of the
waterfall in photographs and videos.

Ludlow Falls-This waterfall was also chosen for its
close proximity to Cedarville. This waterfall is located
near Troy, OH approximately 32 miles away from
Cedarville University. It was selected for its size and
shape as well. This waterfall is over double in width
compared to Cedar Cliff Falls and has a much larger
plunge pool.

Lizard Head-This exposed rock formation was select- Lizard Head-This image of lizard head captures its siged out of convenience. The Sedimentology and Strat- nificance. There are parabolic recumbent folds measurigraphy class was granted the opportunity to hike up ing eighteen meters in length. These folds were being
studied by the sedimentology and stratigraphy class
to lizard head during their Arizona/Grand Canyon
taught by adjunct professor Sarah Maithel. Dr. WhitField trip over spring break. The DJI Mavic Pro was
utilized to photography and capture video footage. more, professor of Geology at Cedarville University, led
Due to the availability of this content, this formation the trip.
was modeled.

Step 4: Import Photos into Agisoft

Import-Once the photos have been taken. They were transfered from the drone
micro SD card onto a computer. From there, the program Agisoft Photo Scan was
opened. Under the workflow heading in Agisoft, the “add photos” option was selected. The photos were then imported into Agisoft Photo Scan. This process takes
under a minute.

Step 8: Send the file to the Printer and Print

Step 5: Build a Dense Point Cloud

Dense Point Cloud-Once the photos were imported, a Dense point cloud needed to
be constructed. Agisoft Photo Scan completes this task. To do so, one must select
the “align photos” option under the workflow heading. For this project, medium
quality was deemed acceptable for this step. With 320 photos, this process took 35
minutes. It is then necessary to clean up the model to eliminate any extraneous
points once this step is complete. This can be done by using the “free-form” selection
tool. This allows the model to crop out any points deemed unnecessary. This cleaning
does not need to be perfect. After all this is complete, the model should be saved
at this stage (this allows a saved checkpoint if anything goes wrong along the way).
Finally, the dense point cloud can be built. This is selected under the workflow heading. With the same 320 photo model for Ludlow Falls, this step on medium quality
took approximately 50 minutes. The Dense point cloud was saved once complete.

The Printer
Lulzbot Mini-The Cedarville Geology Department recently
purchased this printer. This printer is capable of reaching
525 degrees Fahrenheit. These high temperatures allow for
use of industrial-grade materials in the printing process.
For this project, PolyLite PLA filament was used. Note: the
largest waterfall model (the painted version of Cedar Cliff
Falls) is the maximum dimensions for length and width.

Base-Once the Mesh was made, the file was saved as an STL file and imported into
Microsoft 3D builder. From there, a base was constructed. Depending on the shape
of the structure being modeled, the base looked different. In the example above,
Lizard Head can be seen protruding from a two part base (a rectangular prism on
the bottom and a triangular prism on the back). The base provides some structure
for the model to rest comfortably on a flat surface. There are commonly irregularities that would not allow the model to naturally sit on a flat surface. The models of
the rock formation and waterfalls were partially submerged into the bottom of the
base to accomplish this task. This file was then saved as either a .stl or .obj file.

Step 2: The Drone

Print-Once the file was saved, it was opened into
Cura Lulzbot 3D printing software. Load model is
selected and the model is opened. Then the model
is scaled to size and set on its end (the model is best
printed on its side vertically tilted 90 degrees). This
allows for the most detail on the landscape. The Gcode was then saved. The layers should be examined
with the vertical slider bar to verify that the model
will construct properly. The model is then sent to
the printer and printed. Once printed, the models
can be cleaned and painted if one so desires (see
painted model to the left).

DJI Mavic Pro-This drone is capable of flying for over twenty
minutes with a full battery
on a normal flight. Strong winds,
rigorous flight patterns, and use
of sport mode will cause the battery to drain at a much more rapid rate. It can operate from 32
degrees Fahrenheit to 104 degrees Fahrenheit. This drone also
has an obstacle sensing system.
This can detect objects within a
precision measurement range of
2 feet to 49 feet.

Step 6: Build a Mesh

Mesh-Once the dense point cloud is complete, the
“build mesh” option can be selected under the workflow
heading. This was set to high quality for this project.
This step took close to an hour. Note the model on the
right: it was made at the lowest quality settings for each
step of the model building process. This model is Lizard
Head.

Things Learned and Future Research Ideas

The process for creating the models is relatively simple. The troublesome points in
the process involve the refining of the model. If one had some experience with
Micro-soft 3D Builder or another 3D modeling software prior to embarking on this
modeling process, it would benefit them greatly. Having a decent knowledge of
photography also helps greatly. The models had the best results when the photos
were taken on overcast days. Glare from areas of calm water above and below the waterfalls did not show up in the model. This required extra time spent on filling holes
in the model prior to printing. A suggestion I would propose is the use of a polarizer
filter. This would be a simple and relatively inexpensive addition to the drone camera
that could eliminated the glare off of the water. This would likely benefit the models.
Furthermore, the more photographs captured of the subject being modeled the
better. The waterfall that I took nearly double the photos, turned out better once
modeled. Lastly, the waterfall is much more complex to model than a structure like
Lizard Head. This is due to the shell or basin shape created with a waterfall. The rock
formation of Lizard Head is a convex surface. This allowed for the structural support
built into the model with the 3D printer to occur with few to no problems. The convex shell and basin shape of the waterfall required much more attention to be
spent on the construction of a base.
In the future, I would love to take this research into a flume tank. There are soluable filaments that can be utilized to construct these models. I believe there
would be great value in testing erosional rates of waterfalls, dams, and more with
the use of 3D models constructed with this method.
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